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© Polymer composition. 

(57) The invention relates to a polymer composition based 
on a polycarbonate and a graft copolymer of a vinylaromattc 
compound and an unsaturated nitril compound on a rubber. 
This composition is characterized in that it comprises: 

a) one or ore polycarbonates, and 

b) a graft copolymer obtained by polymerizing, in a first 
step, a mixture of 10-30 % by weight of acrylonitrile, 10-75% 
by weight of styrene and 0-70% by weight of a- 
methylstyrene in the presence of a latex of a rubbery 
polymer and by polymerizing, in a second step, in the 
presence of the latex produced in the first step, a mixture of 
10-30% by weight of acrylonitrile, 0-50% by weight of styrene 
and 40-90% by weight of a-methylstyrene. 
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POLYMER COMPOSITION 



The invention relates to a polymer composition based on a poly- 
carbonate and a graft copolymer of a vinylaromatic compound and an unsa- 
turated nitrile compound. 

Such a polymer composition is known from, among other things, 
the German patent specifications 1.170.141 and 1.810.993 and from the 
5 Netherlands patent applications 7316731 and 7316732 laid open to public 
inspection. 

The German patent specification 1.170.141 describes mixtures of 
a polycarbonate and a polymer obtained by the graft polymerization of a 
vinylaromatic compound and an unsaturated nitrile compound in the pre- 
10 sence of polybutadiene . 

According to the German patent specification 1.810.993, the heat 
resistance, the notch Impact resistance and the hardness of such mixtures 
can be improved by mixing into them a copolymer containing at least 50 % 
by weight of a-methylstyrene. 

According to the Netherlands patent application 7316731, the 
strength of the fusion seams of mixtures according to these patent speci- 
fications can be improved by applying a graft copolymer with 40 to 80 % 
by weight of rubber, while the average particle size of the graft copo- 
lymer is between 0.2 and 5 \m. 

The Netherlands patent application 7316732 shows that the same 
purpose can be reached by starting from a graft copolymer with an 
average particle size of between 0.05 and 0.19 \m. 

However, the problem of the aforementioned polymer compositions 
is that, with a comparable flow behaviour, the stiffness, the notch 
25 impact resistance and the dimensional stability under heat of the objects 
made from these polymer conditions are relatively low. 

The purpose of the invention is to provide a polymer composition 
which does not show this problem. 
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The invention is therefore characterized in that the polymer 
composition comprises: 

a. one or more polycarbonates and 

b. a graft copolymer obtained by polymerizing, in a first step, a mixture 
of 10-30 % by weight of acrylonitrile, 10-75 % by weight of styrene 
and 0-70 % by weight of a-methylstyrene in te presence of a latex 
of a rubbery polymer and by polymerizing, in a second step, in the 
presence of the latex produced in the first step, a mixture of 10-30 Z 
by weight of acrylonitrile, 0-50 % by weight of styrene and 40-90 % by 
weight of a-methylstyrene. 

The graft polymeer preferably contains 10-40 % by weight of 
rubber. The limits within which the quantities of polycarbonate and graft 
copolymer can be varied are very wide. Generally they are between 5 and 
95 % by weight of polycarbonate and 5-95 % by weight of graft copolymer. 
The specific choice is determined mainly by the standards 

15 imposed upon the final product. 

Preference is given to polymer compositions consisting of 
40-75 % by weight of polycarbonate and 25-60 % by weight of graft 
copolymer, because within these limits an optimum balance of the various 
properties of importance, such as stiffness, dimensional stability under 
heat, hardness, impact resistance and flow behaviour, is obtained. 

Surprisingly it has been found that in applying the specific 
graft copolymer according to the invention a definite improvement of the 
stiffness, heat stability, impact resistance and instrumented flat-headed 
falling dart impact energy occurs. 

in those cases in which a reduced heat stability can be accepted 
it may be an advantage to incorporate in the polymer composition a second 
graft copolymer obtained by polymerizing 75-90 parts by weight of a mix- 
' ture of 60-90 % by weight of styrene and 10-40 % by weight of acrylo- 
nitrile in the presence of 10-25 parts by weight of rubber. 
30 The quantity of this second graft copolymer may be 10-50 % by weight of 
the total quantity of graft copolymer in the polymer composition. 

The advantage of applying the second graft copolymer is that, 
with a slight decrease of the dimensional stability under heat, there 
will be a definite improvement of the flow behaviour. 
35 In principle all thermoplastic polycarbonates are suitable for 

the moulding compounds of the invention. Polycarbonates are known in 
themselves and can be obtained by conversion of dihydroxy or polyhydroxy 
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compounds with phosgene or diesters of carbonic acid. 

Particlarly suitable dihydroxy compounds are 
dihydroxydiarylalkanes, including those compounds containing alkyl groups 
or chlorine or bromine atoms at the ortho position in respect of the 
hydroxyl group. 

The following compounds are dihydroxydiarylalkanes which are to 
be preferred: 4,4 '-dihydroxy 2,2 diphenylpropane (bisphenol A), tetra- 
methylbisphenol A, tetrachlorobisphenol A, tetrabromobisphenol A and 
bis-(4-hydroxyphenyl) p-diisopropylbenzene. In addition to the 
polycarbonates, which can be prepared only from dihydroxydiarylalkanes, 
it is also possible to apply branced polycarbonates. For the preparation 
of polycarbonates of this grade a part of the dihydroxy compound, for 
instance 0.2-2 moles %, is replaced by a polyhydroxy compound. 

Exemples of suitable polyhydroxy compounds are 1,4-bis 
(4- ,4,2'-dihydroxytriphenylmethyl)benzene, phloroglucinol , 4,6-dimethyl 
2,4,6-tri-(4-hydroxyphenyl) 2-heptane, 4,6-dimethyl 

2,4,6-tri-(4-hydroxyphenyl)heptane, 1,3 ,5-tri-(4-hydroxyphenyl) benzene 
1 , 1 , 1 ,-t ri-( 4-hydr oxyphenyl ) ethane and 

2,2-bis-[4 ,4-(4 ,4 • -dihydroxydiphenyl)cyclohexyl] propane . 

Polycarbonates of the aforementioned grades are described in, 
for instance, in the United States patent specifications 3,028,365- 
2,999,835; 3,148,172; 3,271,368; 2,970,137; 2,991,273; 3,271,367; ' 
3,280,078; 3,014,891 and 2,999,846. 

The polycarbonates which are to be preferred have molecular 
weights of 10,000 - 60,000, more specifically of 20,000 - 40,000. 

Preferably the chosen polymer composition is such that the 
rubber content therein is between 5 and 30 % by weight, more specifically 
between 10 and 20 % by weight. Within these limits of the tubber content 
a polymer composition is had with a good impact resistance combined with 
a good processabllity. 

The preparation of the graft copolymer is carried out in 
emulsion. With the polymerization in aaqueous emulsion the necessary, 
usual auxiliaries for this purpose, such as emulsifiers, lye, salts,' 
soaps, initiators, such as peroxides, and chain length regulators, must 
be applied. 

Suitable chain length regulators are organosulphur compounds, 
such as the much used mercaptans, as well as the dialkyldixanthogens 
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I r L a-alkene with relatively long chain can be used as well, 
or an a alKene leneth regulators are par- 

The commercially most usual chain lengtti r g 

U-f depJing on the «lrtore chosen, the specific co»po««d, poly»erl 
lirits, depend and otlier rarla bles relating to the 

S T 7£ r.ultC b achieved by osiog 0.01-5 parte by .eight 
(per 100 pert. by 8 otgaM snlph«r compounds 

«*. a « tertiary hexadecylmercaptan, tertiary 
tertiary ^ ^L^^an. secondary 

oct adecyl«.rc.pcan, aptao> cydododecylmercaptan, 

„ctyl»ercaptan, secondary tridecylm P ^^u^thiol and 

cdododecadienylmercaptan, aryl»ereaptao, snch as P 
i: uke , bUCtetra^chylthionra^ianlphide,. ^rcaptobe^athiasol. 
., like Mixtures of these componnds cen eleo he need. 

' T^eUler widely different componnds cen he need, snch ae 
4„ enao fatty acid soap, arylsulphonates , alfcy- 
^proportionated co^oonds and thereof, 

larylsulphonates and other surface act v 

gjionogenic ew.lsifi.rs, soch aa polyethers and polyols, - el.o he 

J Mties of the emulsifiers aaed depend on the grade, aa well 

5 :,t z rrr paiira - * — — ot ». 

^nmer in the emulsion polymerization system. 

L' the ewnlsion polynerieation process anltahle gonads 

flying free — ' " ~- — 

16 possible also to add theae cowpoonds pertly at the heginning and 
oartly in the coorse of the polymerisation process. 

Preferably alhali- or a^niowpersalts and/or redo, systems are 
35 chosen as initiators. Mention .net he made in particnlar of 

folsinmpersnlphate, a-onln.persnlph.te and sodinwpersolphate. 



BNSDOCID: <EP 0051336A1J_> 



-5- 



0051336 



Examples of suitable redox systems are persalts (for instance per- 
forates or persulphates), tertiary butylhydroperoxide, 
cumenehydroperoxide, diisopropylbenzenehydroperoxide and 
methylcyclohexylhydroperoxide, combined with reductants based on acids 
containing sulphur in a low valency condition, such as 
5 sodiumformaldehydesulphoxylate, bisulphide, pyrosulphide , or with organic 
bases, such as triethanoWne, with dextrose, sodiumpyrophosphate and 
mercaptans or combinations thereof, optionally in combination with metal 
salts, such as ferrous sulphate. These initiators or initiator systems 
can be fed in one single dose, by steps or even gradually. 
10 The initiators or initiator systems used in each of the steps of 

the preparation of the graft copolymer may be the same or different It 
is quite possible to use a persulfate in one of the steps and a hydro- 
peroxide in the other. 

As rubber for the preparation of the graft copolymer all nVbmn 
15 are in principle suitable. 

Reference is give to rubber based on butadiene, such as polybu- 
tadiene and butadiene-styrene rubber, m order to obtain a polvmer com- 
position with a good impact resistance, a rubber latex with a 
weight-average particle size (d 50 , determined with electron microscope) 
20 of between 0.05 and 0.70 pm is preferably started from. 

The process according to which this rubber latex is prepared is 
preferably so controlled that highly cross-linked products are obtained. 
The gel content should preferably be higher than 70 % by weight 
(determined in methylethylketone or toluene). With a high butadiene 
content, this degree of crosslinking can be obtained by polymerizing to 
high degrees of conversion or by applying cross-linking agents, i.e. 
polyfunctional monomers, such as divinylbenzene or 
ethyleneglycoldimethacrylate . 

In those cases in which the rubbers are prepared by emulsion 
30 polymerization the emulsifiers, activators and polymerization auxiliaries 
normally used for the preparation of the graft copoly^rs can be applied. 
Before the grafting reaction the rubber latex must be degassed in order 
to suppress undesired cross-linking reactions initiated by non-converted 
monomer. 



35 



Preference is given to the use of polybutadiene homopolymers or 
butadiene copolymers with a butadiene content of more than 60 % by 
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leht if other dleaes, for instance isopreae, er the lower alUyXestere 
t n acta, are usee as _ers, the hetadieae aoateat of the 
LZ eaa he redaced to 30 Z hy weight withoet aay disadvantage 

olcaerrlag -1* -pect » *• P"""*" ° f ^ Mitl °"; 
5 Talc "xe it is aXse po.slhXe to prepare the graft poXyaer aacordiag 
5 he iaventlon £ roa satorated rahhers, for iestaace fro. .hyXen 

,iayl.a«t.te cepolyaers with a >— 
frel ethylene-propyXeae-dieae terpoXyaers (these dieae. are aot 
eoaingated; examples are. 1,4 heaadleae, ethylideae aorhoraeae, 
X. dlcycXopeatadlene), as «U as achate rnhher or chXoropreae rahher. 
Miatares of two or .ore rahhers caa be appXied as weiX. 

The polyer coapositioa geaeraXXy ooatalas the asaal additives, 
SU ch as antiosidants, pigaeats, processiag aids, fillers, aat.statics 
xl retardaats sad the like, at the aaae ti.e yet another poXyaer aay 
15 Incorporated ia the aaapositioa, sach as polypheayleaa oaide, poly- 

sultrtioTie and the like. 

finally, the invention also relates to an object Wholly or 
partly made from the polymer composition described above. 

The polymer composition according to the invention can be used 
20 to advantage in the automotive industry and for domestic appliances _ 

^e invention will now be elucidated by means of the following 
examples without being limited hereto- 
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MlS f7soLxoe Of 20 parts h, weight of sodiaa hydroaide ia ,50 
part, of water are saspended 57 parts by weight of 

I 2 - (4 4 .-dihydroay-dipha»yl)-propaae. A clear salatio. is foraed. After 
the action of 22 parts hy weight of a ai«nre of aylene isoaerides sad 
0.0026 parts hy weight of phaaol, 6 parts hy weight of phosgene are 
Ltrodaced iato the solatioa at 30 -C with stirring aad cooling The aia 
I f t hea si.altaaeo.sXy treated with 31. 5 part, hy weight of phosgeae 
ad aX parts hy weight of sodiaa hydroayde ia 62 parts of water ia he 
carse of A hoars. The aiatare is sohseqaeatiy stirred at go C for 
I 0 The coloarlea. grander prodact ohtaiaed is fiXtered off with sac- 
Z aad washed aatii neatraX. The coXoarXesa prodact ohtaiaed aeXts t 
L. 227 -c iaco a highXy viscoae stare. The K-aaXee is T7 , corresponding 
ta a reXative viscosity of X.775, aeesared i. a-cresol at 25 C. 
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The graft copolymer 

30 pbw of a polybutadiene latex, having a solids content of 50 
wt.Z, 3.5 pbw of styrene, 8.8 pbw of acrylonitrlle, 22.7 pbw of 
alphamethylstyrene, and 0.2 pbw of tert. dodecylmercaptane were added to 
a reactor containing 135 pbw of water and 2.0 pbw of a 15 wt.% wood-rosin 
emulsifyer solution. 

After heating the reactor contents to approx. 45 0.4 pbw of 
cumenehydroperoxide and activator system were added, and the polariza- 
tion started. Due to the heat generated during the reaction the tem- 
perature of the reactor contents increased to 90 °C 

After cooling the reactor contents 12.3 pbw of acrylonitrlle 
22.7 pbw of alpha-methylstyrene, and 100 pbw of water were added 
together with 1.0 pbw of the emulsifyer solution, 0.2 pbw of the mercap- 
tane and 0.4 pbw of the peroxide and activator system. 

When the temperature had reached 80 »C again the reactor con- 
tents was slowly cooled. 

Thereafter the latex of graft copolymer was coagulated with 
MgS04, washed, filtered and dried. 

20 rr""" 1 ° p " — < "- i "'" °« " gj - r - mi 

20 including XVIII — - — 

Starting from a polycarbonate based on bisphenol A and a 

dihydroxydiarylalkene with a melt index of lfi * 

Cit inaex ot 1* according to ISO R 1133 and 

three ABS grades, a number of mixtures were made. The composition of 
these mixtures is shown in table 1. 

The preparation of the blends listed in table 1 was as follows- 
all components, which were in powder form, were tumbled for 20 minutes ' 
and thereafter extruded to granulate. This granulate was further pro- 
cessed under the conditions given in table 2. * 
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ABS-A: 
5 ABS-B: 
ABS-C: 

10 



15 



The ABS grades shown in this table are the following: 
A graft copolymer obtained by polymerizing 80 parts by weight of 
styrene and acrylonitrile (weight ratio 72/28) in the presence of 
20 parts by weight of polybutadiene . 

A graft copolymer obtained by polymerizing 65 parts by weight of 
styrene and acrylonitrile (weight ration 70/30) in the presence of 
35 parts by weight of polybutadiene. 

A graft copolymer obtained by polymerizing, in a first step i„ 
the presence of 15 parts by weight of polybutadiene (in late* 
form), 35 parts by weight of a mixture of styrene, acrylonitrile 
and a-methylstyrene in a weight ratio of 10/25/65 and by 
Polymerizing in a second step, in the presence of the late, pro- 
duced in the first step, 35 parts by weight of a mixture of 
a-methylstyrene and acrylonitrile in a weight ratio of 65/35. 

The processing conditions of the various materials are shown in 
table 2. 



Table 2 



Material 



ABS 

A and B 



Polycarbo- 
nate 



ABS-PC 
blends 



20 Pre dry time 2 hours 
Pre dry tem- 80 
srature °C 

Processing 230 
temperature °C 



25 



Mould tempe- 50 
rature °C 



2 hours 
80 

250 

50 



4 hours 
120 

280 

90 



2 hours 
100 

250 

80 



have been applied. 

Flexure test: ASTM D 790. 

30 Impact resistance: Izod (notched^ na^n^i j 

_ - notched) parallel and perpendicular to the direc- 

tion of moulding ASTM D-256. 

Dimensional stability under heat- HDT *™o*i^i 

neat - ™ T sealed and non-annealed ASTM 

D— 648 • 
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0f a number of materials injection-moulded sheets of 3.25 mm, with fusion 
seams were made; for the determination of IFFIEM* . The results are men- 
tioned in table 5. 

Table 5 
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15 



Example 




Force (N) 


Energy (Nm) 


15 


A 


2916 + 314 


14»*» 21 


16 


B 


2766 + 197 


12*5 +0.8 


17 


C 


3177 + 92 


15.5 + 0.8 


18 


Polycarbonate 


4790 + 35 


24.9 + 0.4 


19 


1 


701 + 97 


0.58 + 0,15 


20 


2 


615 + 86 


0.71 + 0.33 


IX 


3 


2986 + 69 


11.9 +1.5 


21 


4 


585 + 55 


0.43 + 0.11 


22 


5 


708 + 80 


0.69 + 0.10 


X 


6 


3179 + 174 


15,7 +0,0 


23 


7 


1345 + 331 


1.85 + 0.69 


24 


8 


1105 + 171 


1.20 + 0.30 


XI 


9 


3497 + 63 


16.6 + 0.2 



* IFFIEM = Instrumented flat-headed falling dart impact energy 
20 measurement . 

Of a number of compounds the spiral flow length was determined 
using a flat spiral as described by Ebneth and Bohm in .plastverarbeiter' 
19 (1968) pag. 261-269. The processing temperature of the material was 
250 degrees celsius and the mould temperature was 80 degrees celsius. 
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Table 6 



Example Material Spiral flowlength 

(cm) 



25 



c 48 

53 



5 XII 10 

XIII 11 

XIV 12 

XV 13 

XVI 14 

10 26 polycarbonate 



55 
56 
52 
40 
25 



Two compounds were prepared having the following compositions (in parts 
by weigth) and mechanical properties. 



Example XVII 
Composition a iq 



XVIII 
5 



c 40 25 

P c 50 70 



Melt index g >9 

Notched izod 23 °C 457 

(j/m) -40 °C 290 

Vicat-temperature 5 kg 

<°c) 125 

Ball-indentation hardness 
(mm) 



4.0 
600 
320 



135 

3.6 2.0 



>: <EP 0051336A1J_> 





0051336 

for all countries except Austria ae 3238 

-14- 



CLAIMS 



l Polymer co^o.ltlon Ml on a polycarbonate and . graft cooler of 
l r y l.ro»Itlc oo.po.od and an unsaturated uitrll. compound on a rub- 
oory poly", characterised la that the polymer composition comprises, 

a. one or more polycarbonates and 

b. a graft copolymer obtained b, polarising, In a first step a mlr 
cure of 10-30 X by .eight of acrylonitrila, 10-75 X by «lght of 
styrene and 0-70 X b, .eight of a-methyletyreue In tbe presanc. of 
. Iter of a rubbery poly«r and b, polymerising, In a eecoad step, 
t. the presence of the late, produced In tbe first .tap, a mixture 
of 10-30 X by .eight of acrylonltrlle . 0-50 X by .eight of styrene 
and 40-90 X by .eight of o-methylatyrene. 

2 . Polymer composition according to claim 1. characterised In that the 
graft copolymer cont.la. 10-40 X by .eight of rubber. 

3 . Polymer composition sccordlng to claim 1 or 2, characterised 1, that 
the composition consists of 

a. 5-95 Z by weight of polycarbonate and 

b. 5-95 % by weight of graft copolymer. 

4. Polymer composition according to claim 3, charactered in that the 
polymer composition consists of 

a. 40-75 Z by weight of polycarbonate and 

b. 25-60 % by weight of graft copolymer. 

5. Polymer composition according to any one of claims 1-4, ™« izea 
in that, at the same time, the polymer composition contains addi 
tionally a graft copolymer obtained by polymerizing 75-90 parts by 
weight of a mixture of 60-90 % by weight of styrene and 10-40 % by 
weight of acrylonitrile in the presence of 10-25 parts by weight of a 
rubbery polymer • 

6 Polymer composition according to an, one of claims 1-5, characterized 
in Ih.t a polycarbonate based on a non-h.logen.tad dlhydrorydiaryl- 
alkane is applied. 



0051336A1 I > 



-is- w 0051336 



7. Polymer composition as described in substance and elucidated by means 
of examples I-XI. 

8. Object wholly or partly made from copolymer composition according to 
any one of claims 1-7. 
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1. Process for the preparation of a polymer composition based on . poly- 
carbonate and a graft copolymer of a vinylaromatic compound and an 
unsaturated nitrile compound on a rubbery polymer, characterized in 
that a polymer composition comprising 
; a. one or more polycarbonates and 

D a graft copolymer obtained by polymerizing, in a first step, a mix- 
ture of 10-30 % by weight of acrylonitrile, 10-75 % by weight of 
styrene and 0-70 % by weight of a-methylstyrene in the presence of 
a latex of a rubbery polymer and by polymerizing, in a second step, 
in the presence of the latex produced in the first step, a mixture 
of 10-30 % by weight of acrylonitrile, 0-50 % by weight of styrene 
and 40-90 % by weight of a-methylstyrene, is prepared. 
2 . Process according to claim 1, characterized in that the graft copo- 
lymer contains 10-40 % by weight of rubber. 

, inp to cla i m i or 2, characterized in that the com- 
L5 3. Process according to ciaim i us. , 

position consists of 

a. 5-95 % by weight of polycarbonate and 

b. 5-95 % by weight of graft copolymer. 

4. Process according to claim 3. characterised lo Cat the poller cos,- 
20 position consists of 

a. 40-75 % by weight of polycarbonate and 

b. 25-60 % by weight of graft copolymer. 

5. Process according to any one of claims 1-4, characterized in that at 
the same time, the polymer composition contains additionally a graft 

25 copolymer obtained by polymerizing 75-90 parts by weight of a mixture 

of 60-90 % by weight of styrene and 10-40 % by weight of acrylo- 
nitrile in the presence of 10-25 parts by weight of a rubbery polymer. 
6 . Process according to any one of claims 1-5, characterized in that a 
polycarbonate based on a non-halogenated dihydroxydiaryl-alkane is 



30 applied 



appneu. 

7. Object wholly or partly made from a polymer composition prepared 
according to any one of claims 1-6. 
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